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TH: SFFICIENCI CF A CROSS-RISBED CURVILINEAR DIFFUGER

V. K, Mgay
Candiidate of Technical Sciences

In one of our reference papers [1] a method is given for increasing the offi-
ciency of a diffuser by installing es3peciclly desigrned cross-ribbing cn it3s walls,
The results were obtaeined for diffusers with rectilinesr generatrices and for rela-
tively srall Re numbers (Re < 1”ﬂ). we know that in the preseace of various curbb-

i
lators: rougkness and ccacuntrated prc;uberance on the surfaces of pocrly strucmL
lined bodies {cylinders, balls, etc.) the hydreulic rusistance of o device dindnishas
within a certsin relatively narro7 renge of HRe numbers; with a further increasse iu it
this effact disappesrs ani tae resistance of the body witlk tiLe turtulator becomes
greater than without it, '

Fudge end worsep [ 2] performed experiments with 8 cylinder on the surface of
which wires of different diameter worce located parecllel to the gsneratricus near the
point of minimum pressure, It wa3s xuown that with eu ireresse Iin ie thu effcct
cau3ed by tke use of a turtulator decreesos and fo} Re = < lcj “he resistance of
the cylizdar with the turdulators becimes greater than withoul them

This prencmencn i3, s3 we xnow, explained by foreced turtulaticn of the laminnr

toundery leyer, as a result cof walch thers cccurs & brearawa, net of the lami-nr, 1ot

[
-
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ftheﬁturbulanﬁflayer, wWhich 1s capable cf overcczing laerger positive pressurs oo

grodicnts
withcut breskawgy. Tbe turbuletion referred to is efficient for reletively luw values
¢f Ku, when the overall level of turbulencs is low, With ac increase irn Re the over-

‘all level of turbulexnce is raised and the ar:i{}cial turbulization becomes inefficient,
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Fig. 1. Diagram of the experimental Fig. 2. Influence of the arrange-
apperatus, mernt of thke rib system,

It wos cxiremely important, therefcre, to study the ccras—ribbed diffuser et
high veluss sf Re, corresponding to the operating conditicus for diffusers in
turbines. It was aiso important (¢ investigate the efficiency of cross ridbling fer
a curvilinser diffuser. The investigations que conducted o a plane curvilinesr
diffuser model, tke generatrices 6: wiich were ccastructed in the form of an arc -
éf a circle. Such a curvature wes provided in order to demonstrate tho possibility
of using cross-ridbirg for prolonging high-intensity breekeway.

A disgram of tke experimental eppsretus is shown in Fig. 1, The ilow from the
pressure line of the blower exters intc the counfuser, which provides s uniform éiuld
of velocities, and ther passea through tha straight portion into the curvilinpear
cnannel. The static pressure was moasured at six drainage apertures locatod cu :hg
perimater of a rectangle, The cutlets were ‘oined intc s single tube and lo £
to & micromancmeter. The velocities < the flow were daterzined wit: e Prondtl
iube.and averaged. The inter-rit cavities alcng the genereiices of tho ciffuser

wera cut to a depth of T mm. In constructing the ribs 1.5 mm ip thicrxuess «lti e
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jq;§§a§q9;0r75§5 mm between them we were keeping to recommendations for tus selecticu
o2 optimal ribdbing derived in experiments on rectilinear diffusers. Iz the first
apprbximation the height of 2 rib h and tho distance botwesn ribs 8 are related by
‘the equation s=0.5hk, We shall again note that the stated relationsnips ar2 tenta-
‘tive. In the experimeats ths location of the rib s;stexm on the gonsratrices of the
diffuser was varied. It wes shown that the efficiency of the diffuser ridbing depends
upon the locetion of the first inter-rid cavity along the flow., In these experiments
‘the Tib system wes ccmposed of 15 ribs. It was cbserved that the first inter-rib
cavity for which thewéébss;riﬁbiné lessens the rusistance of the device is locatad

a short distance downstream from ths narrcw section. Displacehent of this inter-rid
cuvity alcng with the whole rib system up or downstream from the stated saction
couses the cross-ribbing to beccme inefficient. The results of these experimenta are
listed in Fig. 2. Tke losses were evaluated ;n terzs of the réslatunca coafficient

T--22

Q%;' . . Here atmospheric pressure is teken &8s the counterpressure, and W {s the
velocity in tke narrow section. Twice the redius of curvatures of the
diffuser was taken as the characteristic dimension in the expression for Re. Flotted
alcng the sbscissa is the central angle moeaired frow the vertical diemeter (rassing
through the narrow portion of the canal) to the diameter passing through tie origiz
of the first inier-rib cavi;; (the ccndition a = ¢ corrOSponds'to the caze in wﬁich
the first inter-ridb cavity is situated in thé narrow portion of the channel), Ai
cen be seen from the graph, the maximum effect occurs when ¢ = 8° to 120. It i
necessary tc¢ assume that this narréu region is situsted before the broskxaway peoicnt.
whea the first inter-rid cavity is situatel downstream beyond the bienkaaay poiz:,'
the inter-rib cavities are not streaxlined by the aciive boundary layer, ani ihe
effoct of the ridbing disappears,

4s note that the cross-ribbing being used 18 organized in such a way that the
ﬁpyoﬁ oxd3 of the ribs are inscribed in an inically smcoth surface, Such surfeces

are usually callel semiamootn suriaces,

ol g s
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diffuser on Re for the optimal position of the first inter-ridb cavity,

§9§;}n Fig. 5 is the dependence ofvthe resistance ccefficient of th

T TE

The maximum
%elocity at the diffuser intake '{s~110 m/fsec,s6 note that this resistance ccefficient
is not the resistance coefficient properrto the diftus@n since it incorporates tix
:reaiatance of the supplying confussr device. However since this resistaace was

constant for all the experiments, the paraueter we have adopted indirectly determines

the diffuser resistance. 4s can be seen from the graph’the installation of cross-ribbing

faducea the diffuser resistance coefficient by one third, This attests to the nigh
efficiency of this iybe'of ribbiUg for flow-separation-diffusers, The fact that the
resistance cosfficient is 1n§ependent of Re merits attention. A cownarison between
the data in Fig. 3 and the reference article [2] shows that the effect of cross-ribs
is not identical tc the effect of crdinary turbulators., As was noted, when ordinsry

turbulators are used, an increase in Re leads to their becomirg inefficient; for the

case of cress-ribs the efficiency

region of small Re); tais is very

does not vary with the Re numbor (except for the

important under the conditions present in

surbines, to the use of cross-ribs cannot be explaiun=d froan:

Thus, tze effect dus
the point of view of a resistance crisis dus to the forced transforwation of the

leminer boundary layer ianto a turbuleat one.
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Fig. 3. B&fficiency of curvilinear Fig. 4. The i{nfluence cf numbor

the
of ribs on the efficlenc; cf o

diffuser.

diffusers: O0)smoctk X) ribbed

diffuser.

Tho mechanism of this effect rejuirea furibcr investizaticr.
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. Experiments were conducted on the influeuce of the number of ribs, the first

Foat

Iintér-rib cavity being situated in the optimal way. Tke number of ribs L

-

downstreem was veried, The results ot the experiments are given in Fig. 4,
'from which it follows that for n > & the efficiency of the davics does not changs.
Thus, there is no nece;sity to ¢over the entire surface of the flow soction
with ribs; it is encuga to install a definite and relatively limited number of them.
Thia conclusion agrees with the result obisined for a ribdbed diffuser with
rectilinear generatrices
It is possible to draw the fcllewirg conclusions from the work we hove performed:
1. Croas-ribbing installed on the walls of curvilincer diffusers leads tc
an increese in their étficiency.
2. The efficieccy of & ribbed diffuser significantly depends upon the afrungo-

ment of the ribs in theflow section,
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